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ADVANCE EESTRICTED REPORT

HINGE MOMENTS OF SEALED-INTERNAL-BALANCE
ARRANGENENTS FOR CONTROL SURFACES
II - EXPERIMENTAL INVESTIGATION OF FABRIC SEBALS
IN THE PRESENCE OF A THIN-PLATE OVERHANG
. By Jack Fischel |

SUMMARY

Tests were made in a seal test chamber to determine
the hinge moments contributed by the fabric seal in an
internal-balance arrangement employing a thin-plate over-
hang. These tests were performed with various widths of
fabric sealing various widths of flap-nose gap, with a
horizontal, a vertical, and a circular type of wing
structure forward of the balance, and with various heights
of balance chamber.

This investigation is an experimental verification
and extension of a previous analytical investigation.
The present investigation indicated that the moment of
the seal may be a balancing or an unbalancing moment and
may be an appreciable part of the total balencing moment
of an internally balanced flap, depending on the overhang
deflection and the configuration of the internal balance.
Variation of the width of the fabric seal, the sealed gap,
or the location of the seal attachment to the wing struc-
ture affected the seal moments through most of the over-
hang deflsction range. The shape and size of the balance
chamber affected the seal-moment characteristics in the
deflection range where the seals contsascted and were con-
strained by the chamber walls; the values of the seal
moments were usually reduced when the seals were con-
strained. The results indicated also that sn optimum
belance configuration would employ a seal width such that
the seal would barely touch thse chamber celling when
meximum overhang deflection is attalned.
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INTRODUCTION

One of the devices employed for balancing control
surfaces, especislly silerons, of modern high-speed air-
planes 1s the sealed internal balance (fig. 1), MNuch of
the experimental work that hes been done in the develop-
ment of the sealed internal balance has been summarized
in reference 1, which includes a brief consideration of
seal effects, In raference 1 (and in all previous internal-
balance work), the balancing effect of a seal in an
internal-balance arrangement was accounted for by an
approximate method - that is, by assuming the balance
chord to be the distance from the control-surface'hinge
axis to the center of the sealed nose gap, regardless of
seal width.

An analyticel investigation to determine the contri-
bution of the sesl to the balancing moment of a sealed-
internal~balance arrangement indicatsd that the approxi-
mate method was generally in error over most of the flap-
deflection range (reference 2). This analysis also
indicated that variation of either the seal width, the
sealed~gap width, or the sheape of the wing strucbure
forward of the overhang has an important effect on the
balancing moment contributed by the seal.

The present investigation 1s an extension of the
investigation reported in refsrence 2 and was begun in
order to check experimentally the fabric-seal asnalysis
reported therein. The present investigation covered a
larger deflection range than was covered in reference 2;
in addition, ths effect on the seal moments of a con--
fining balance-chamber roof (the contour of the airfoil)
and an off-center attachment of the sesl to the wing
structure were determined,

The moment contrituted by the seal in each of the
configurations tested is presented as a fraction of the
moment of the thin-plate overhang over the complete
deflection range. A comparison 1s made of the seal
moments obtained experimentally and analytically (refer-
ence 2) with seals and sealed nose gaps of similar size
in the presence of each of the three different types of
internal wing structure with no vertical restrictions.
In addition, a comparison is made between the experi-
mentally determined and the computed hinge~-moment coef-
ficients of an internally balanced alleron, and an

(% 4
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example is presented to show the relative accuracy of
hingg-moment data computed by the approximate msthod and
those tomputed from the results of the present investiga-
tion.

SYMBOLS
mg geal-woment ratio (Mg/M)
°h, alleron section hinge-moment coefficient (ha/qca2>

Acy, . increment in aileron section hinge-moment coef-
a ficlent produced by an internal~balance sarrange-
ment

P pressure coefficlent across balance (préssure
below balance minus pressure above balance
divided by dynamic pressure)

thin~plate overhang deflection, degrees; positive
when deflection is increased from neutral by
pressure across balance

limiting deflection of thin-~plate overhang,
1 degress {(deflection just prior to contact
between leading edge of overhang and roof of
test chamber {(contour of airfoil))

Oq alleron deflection with respect tc airfoil chord
line, degrees

My, moment of thin-plate overhang {(used with subscripts
exp and comp to indicate experimental and com-~
puted, respectively), foot-pounds

Mg moment of sesl, foot-pounds

g width of ssaled gap between polnts of attachment
of seal when &y = OO, -fraction of ¢y

8 seal width, fraction of cy

ha aileron section hinge momsnt, foot-pounds

thickness of overhang at hinge axis, fraction of ¢
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c airfoil chord, feet except when otherwise indicated
Cqy alleron chord behind the hinge line, fraction of ¢
Cy overhang chord from flap hinge line to leading edge

of overhang, fraction of ¢

q dynemic pressurs, pounds per square foot (%pV?)
v absolute velocity of air stream, feet per second
P mass densitf of air, slugs per cubicjfoot

M Mach number (V/a)

a velocity of sound in air stream, feet per second
a angle of attack, degrees

APPARATUS AND METHODS3

The seals were tested in a specially prepared seal
test chamber that simulated the construction of an
internal-balance chamber ghead of the flap hinge line
(figs. 2(a) and 2(b)). The span of the overhang wsas
2L, inches and the chord was 10 inches from the hinge line
to the leading edge. The thin-plate overhang was rigidly
attached to a torque tube that was, in turn, attached to
a dial outside the test chamber and deflected the over-
hang through the test range. A clearance of 3/6lL inch
was 2ilowsd at each end of the overhang span to prevent
contict with the side walls through the deflection range.
A small clearance behind the hinge line betwesn the torque
tube and the test-chamber structure was sealed with a
small fabric seal; the moment produced by the seal was
considered in the calculations. The difference in normel
pressure sxisting across the seal and overhang of an
internal-balance arrangement was simulatsd by the con-
trolled pressure produced in the part of the test chamber
below the overhang by a blower, while atmospheric pres-
sure existed above the overhang. The pressure across the
overhang and seal was indicated by a micromanometsr and
this pressure was maintained at approximstely 17 pounds
per square foot by a door on the blower intuke. The
distribution of pressure in the region below the overhang

L]
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and the seal was determined from a brief survey to be
uni form within approximately Il percent; a pressure drop
of approximately 15 to 20 percent was found to occur
within 1/16 inch of eilther end of the overhang span,
gbout which a flow took place, but the effect of this
pressure difference on the hinge moments 18 believed to
be negligible.

One of the chordwlse chamber walls was made of
plexiglass through which photographs were taken of the
seal profile under various conditions.

The hinge moments of the balance arrengement were
determined by means of a calibrated torque-rod system
built for this setup (figs. 2(a) and 2(b))}. The over-
hang deflection was determined by the reading of the
overhang-deflection dial with respect to & pointer
attached to the outer wall of the test chamber (fig. 2(a)).

Three types of balance-chawber structure ahead of
the overhang were used in the investigation. These
surfaces are shown in figure 2(a) and are referred
to herein as backplates. The backplates were of uniform
height and span; their chordwise positions were varied
during the tests ‘to give various sizes of gap. The
seals tested were made of Koroseal, which 1s an air-
tight, flexible, fabric material, eand had a varying
chord width and a span equal to that of the overhang,

A thin metal strip was fastened along the span at both
ends of each geal to attach the seal to the bsasckplate and
to the leading edge of the overhang (fig. 2{a)).

The vertical balance-chamber restriction {(contour
of the airfoil) was simulated by a horizontally held
plate; the distance of this plate above the overhasng and
seal was varied to give the proper value of . 6bz' For

uniformity and agreement with reference 2, all the linear
dimensions of the balance configuration are expressed as
a fraction of the.overhang chord.

A 1list of the balance configurations tested is
given in table I. Since the pressure difference across
the balance of a control surface does not always reverse
when the control is neutral, tests were wade at negative
deflectionsup to -12° and the tests were run with the
overhang deflection varying in 2° and ho increments up
to 30° or the maximum deflection allowed by the seal or
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overhang. The results are applicable to both negative
and positive flap-deflection ranges, however, and the

change in directlon of the balancing moment 1s deter-

mined by the deflection at which the sign of the pres-
sure difference across the balance changes.

In obtaining the hinge moment due to the seal, the
moment of the overhang had to be subtracted from the
total moment of overhang and seal measured by the torque
system. The moment of the overhang alone, without any
seal present, was obtained over the deflection range by
closing the gap betwesen the overhang nose and the back-
plate to a very small value. BRBecause of the large
leakage area for this condition, a pressure difference
of only about 10 pounds per square foot, considerably
less than the normal test pressure, could be malintained.
The overhang moment thus obtained experimentally was
compared with the overhang moment computed from the thin-
plate dimensions and the pressure difference across the
overhang. The experimental moment was found to be approxi-
mately 1 percent higher than the computed moment. The
seal moments were therefore obtained by subtracting the
computed overhang moment, corrvected for the l-percent
discrepancy, from the total moment measured in each test.

The computations for obtaining the seal-moment
ratio are indicated in the following eguation:

My Miotal exp ~ 1-01 ¥be omp

m o= .2 =
s oy 1.01 M
o bcomp

RESULTS AND DISCUSSION

Seal~FProfile Photographs

Some typical profiles and positions of the seals
with a pressure difference across the balance are shown
in figures 3 to 7 with a vertical backplate, in figures 8
and 9 with a circular backplate, and in figures 10 to 13
with a horizontal backplate. The constraining effect on
the profile of the seal caused by the vertical and
circular backplates in the positive deflection range is
shown in figures %, L, and §; whereas figure 10 indicates
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that the horizontal backplate had little or no confining

. effect. Similarly, figures 5, 7, 8, 11, and 12 indicate

the confining effect of an overhead restrliction simulating
the top or bottom of the balance chamber. When a seal

was free to billow unrestricted by backplate or overhesad
1imit, the sesl generally tended to sssume a circular
shape, This fact, which formed the basis for the szna-
lyticsl work of reference 2, is illustrated in figure 10(4)
by a ecircle superimposed on an enlargement of the photo-
graph of figure 10(Db).

Decired Seal-Moment Characterlstics

A desired variestion of the seal-moment ratio my
with overhang deflection 1s one that offers a poesitive
value of the slope dmy/d8, with deflection. (See refer-
ence 2.) This variation of my with deflection would

tend te compensate for the decrease in the variation of
pressure cosefficient across the balancse PR with deflec~-

tion (that is, the decrease in éPP/bsb)" ns the dsflec~-

ton incresases and to provide more nearly linear balance
hinge moments and control forces.

Experimental Seal-Moment Characteristics

The seal-moment charascteristics over the deflection
range for various siges of fabriec sesl and sealed nose
gap, without and with overhead limits, are shown in
figures 1L to 21 when the ssals were tested with a vertical
backplate, in figures 22 to 26 with a circular backplats,
and in figures 27 to 3l with a horizontal backplate.

with all threse types of hackplaste, the moment exerted
by the seasl in the balancing configuration is appreciable,
particularly with large seals and large sealed gaps.
This seal moment may be a balancing moment amounting to
as much as ljO0 or 50 percent of the overhang balancing
‘moment, or it may be an unbalancing moment amounting to
as much as 30 or LO percent of the overhang balancing
moment, depending on the overhang deflection and the
configuration of the internal balance. Negative values
of mg wers sometimes obtained with all three types of

backplate in the negative deflectlon range and over &
small portion of the positive deflection range near zero
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deflection (figs. 1, 15, 22, 27, end 28). Tn these
configurations the seal overlapped & part of the over-
hang, which equalized the pressure on both sides of thils
part of the balance and tended to reduce the amount of
effective balance available. A configuaration illustrating
this tendency wsas not photographed, but this condition

1s approached in figurse 9(a), except that the seal
actually lies flat against .the overhang when mg 1is
negative in the discussed deflection range. Except when
8 sealsd-gep width of 0.5 1s used, the slopes of the
seal-moment curves et smell positlve values of deflec-
tion are usually positive and indicsaste an increasing
balancing effect in this range. This increase 1in
balancing effect is independent of that obtained by the
increased pressure difference across the balance when the
flap is deflected or when the sngle of attack of an air-
foil is increased and is a function of the seal. &t high
positive values of overhang deflection, as the seal
became taut, the seal-moment ratio of the unrestricted
seal decreased and became negative and the direction of
its force was opposite %o that of the overhang balancing
force (figs. %(d) and 10(c}).

Effect of the Balsasnce Configuration on the
Ssal-Noment Chareacteristics

Effect of seal width.~ The effect on the seal-
moment characteristics of varying the sesl width, wlth
other varisbles kent constant, 1s shown in figure 35
end 1s also evident from figures 1L to 19, 22 to 2l., and
27 to 32. TFor a given sesled-gap width, r, depends
on seal width. The curves indicsate that mg decreases
in the negetive deflection range and generally at small
positive deflections and usually increases at large
vositive deflections as the seel width increases. The
curves indicate also that, for a given seasled-gap width
and es the seal width increases, the maximum value of mg
generally increases, except when the circular backnlsate
is used, and the maximum value of mg occurs at an
overhang deflection that increases with seal width,
ragsardless of the backplste.
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Effect of sealed~-gap width.- The effect of sealed-
gap width on seal-moment characteristics is indicated in
figure 36 and in figures 1h to 19, 22 to 2L, and 27 to 32,
For a given seal width, the seal-moment ratio generally
increases with gsealed-gep width at small deflectlons and
decreases at large deflections.

Bffect of backplate.~ The seal-moment characteristics
obtained with the three backplates for glven sesled~gap
and sesl widths generally differ only in the deflection
range in which the seal liss against the backplate; hence
the values of m in this renge depend on the type of
backplate contacted and the effect this backplate has on
the seal profile. A comparison of the seal moments
obtained over the deflection range with constant gaps
and seals for the three different backplate arrangements
is given in figure 37 for the condition in which no
vertical restrictions are used. The characteristics
exhibited by the seal with a vertical backplate and a
circular backplate are quite similar (see also figs. 1l
to 21 and 22 %o 25) and indicate some linearity over a
part of the deflsction range. The horizontal backplate
has little or no effect on the moments produced by the
seal; these moments are usually larger st small deflec- _
tions and smaller at large deflections than those obtained
with the ecircular or vertical backplate. The effect of
the backplate appears to diminish with an incresse in
size of the sezled gap and the seal, and the character-
istics obtained with the three backplates differ by only
a small amount with medium and large gaps and seals
(figs. 37 and 1L to 3l). At small gaps, the effect of
a backplate constraining the seal is to cause the maximum
moment of the seal to be reduced and to be developed at
a higher deflection (fig. 37(a)).

Effect of vertical restriction.- Limiting the height
of the balance chember reduced the wvalues of mg over

that part of the deflection range in which the seal con-
tacted the roof of the chamber (figs. 11 end 1L to 3L).
Increasing the seal width or the overhang deflection in
this condition or decreasing the value of the limiting
overhang deflection &y caused a greater reduction in mg

as more of the seal con%acted both the chamber ceiling
and the backplate. The cdeflection at which the seal con=-
tacted the chamber celling and the seal moment started

to decrease was greater with the horizontal backplate
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than with the two other types tested. ¥hen no vertical
gstriction was preseat, the maximum values of m,

usueally occurred at higher values of overhang deflection
and the values of mg were greater over the deflectlon
range affected than when a restriction was used to simu-~
late the roof of the balance.chamber. It appears,
therefore, that an optimum balance configuration would
employ a seal width such that the seal would barely
touch the chamber ceiling when maximum deflection is
attained. (See figs. 5 and 8.)

Qff-center seal attachment.- The seal-moment char-
acteristics obtained with a O.3hcb off-center attachment
of the seal to the backplate -are shown in figures 20, 21,
25, 26, 3%, and 3l when tested with the three types of
backplate used in the investigation. (The value of
O.}hcb of the off-center .seal attachment corresponds to
an offset of the position of seal attachment to the
backplate to the top or bottom of the balance chamber
when &, = 20°.) In addition, a comparison of the seal-

moment clraracteristics obtained in the presence of the
circular backplate with the seal attached to the wing
structure at the center and off-center positions is

shown in figure 25. The seal-moment characteristics
obtained with the off-center seal attachment were gener-
ally unfavorable over the deflectlon range because &
decreasing balancing tendency or an intreasing unbal-
ancing tendency is indicated, regardless of the type

of backplate or of the point of attachment. VWhen attached
above center, the seal invariebly lay against the back-
plate and overhead restriction at positive deflections
{figs. 7 and 12); when attached below center (figs.

and 1%3), however, the seal had a moment vector that would
decrease positively, thern increase negatively with over-
hang deflection. These effects account for the unbal-
ancing characteristics of this type of seal attachment.

The effect of attaching the seal off center to a
circular backplate when the seal did not contact the
balance-chamber ceiling was to shift the seal-moment
curve by en angle the sine of which was equal to the off-
center displacement (expressed as a fraction of the over-
hang) divided by the radius of the backplate arc (also
expressed as a fraction of the overhang)}. The curves
of figure 25 approximrately verify this concluslon; the

computed offset angle was sin~t g¢é£ = 15.27, and
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the deta of figure 25 indicate that the offset angle is
about 16°. Cince an off-center seal attachment produces
an unbalancing effect that may be greater than the
ir.creased balancing effect on the overhang caused by

flap deflection or the increase in the angle of attack,
thig type of seal sttachment is beliesved to ve undesirable
and should be avoided.

Comparison of Analytical and Experimental

Seal-Moment Characteristics
The similarity between the analytical {reference 2)
and experimental seal-moment characteristics 1s evident
in figure 37, which shows the agreement between these
results., The analytical and experimental results were
compared for several configurations in addition to those
herein and similar sgreement was obtalned.

Computation of Seal-Moment Cheracteristics
by Approximate Method

The seal-moment ratioc computed by the approximate
method (reference 1) for various sizes of sealed gap is
shown in figure 38. This method of computing the seal-
moment retio is independent of the seal width and assumes
a balance chord equal to the overheng chord plus one-half
the width of the sealed gap measured when the flap is in
the neubtral nosition. The inaccuracy of this method is
apoarsnt by a comparison of the values shown in figure 38
with the data of figures 1l to 2L, As inéicated in ref-
erence 2, the error involved in uslng the approximate
method may be a considerable pert of the hinge-moment
coefficient or control force of the balanced control
surfece:; it is therefors believed thset this method skould
not be used.

Application of Seal-¥oment Data

Inasmuch as the investigation reported herein was
made with the various limitations and configurations of
an internal-balance arrangement and the deta presented
are representative of the seal effects in such configura-
tions, the figures are believed to be applicanle for
design purposes in calculating the hinge-moment charscter-
tutics of wTericys balansed flaps with thin-plate overhangs,
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if the pressurs difference across the talance and the

plain-flap hinge-moment cosificients are known. 1In .
order to obtain the seal characteristics of those con-

figurations not tested,; it is possible to interpolate

between the ssal-woment curves for sn intermediate gap-~

ar seal-width configuretion. As indiceted in referemnce 2,

these results are teliesved to be applicable also to over-~

hangs having nose shapes with fairly swall angles, but

thie limiting nose angle has not yet been determined.

Comparison of experimental snd computed hinge-moment

-

coefficients of & balancad flap.- The aileron configura-

tions shown in figurs 39 were selected to illustrate ths
computations nscessary for s practical application of the
seal~-moment data to ithe bpalancing moment of an internally
balanced flap. The plein-seelsd-flap hinge-moment dstz for
the 0.20¢c sileron were used in the computations, together
witii the pressure coefficient across tke balance Py
{from unpublished data) ziven in figure Lo, tue scal-
moment data presented kerein, and the geometric dimensions
of the balance. In figure LD, the computed balanced-
alleron hinge-moment coefficients are compared with thse
balanced~-alleron hinge-moment coefficients obtained
experimentally.

The computed bulancing moments were oktained by the
following equation, which is based on the geometric
Gimensions of the balance arrangemsnt for a unit snan
(two=dimensional):

2 2
Py i /e / 1

_ R b t/2
tha S 2 L(\ca (1 +mg) - (ca i

Po , -
= 2 [0.2(1 + mg) - (0.2975)%]
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Values of Pp for use in thls equatlion were obtained
from figure LO. The width of the seal used in the
investigation was not measured but was believed to have
been approximately 0.l.. Values of. mg for computing

the exact balanclng moment over the deflection range

for a seal width of 0.LL end a sealed-gap width of 0.0%36
were interpolated from the data of figure 22 and fig-
ures 1l and 15. (The characteristics of the seals wlth
vertical and circular backplates are somewhat similar

at this seal width and sealed-gap width.)

The balanced-aileron hinge-moment coefficients
were obtained by the eguation

Ch = ep + Acy
8palanced alleron 8blain aileron

"and figure LO shows fair agreement between experimental
and computed results. The discrepancy between the
balanced-alleron characteristics obtained experimentally
and those computed 1s probably caused by the difference
in the size of the vent gap (0.005¢ for plain alleron,
C.010c¢c for balanced aileron) and by possible small 4if-
ferences 1in model configuration such as seal width,
chord of overhang, and thicknesg of overhang.

Comparison of the computed balanced-flap hinge-
moment coefficients with and without balsnce-chamoer
restrictions.- A comparison of the computed balanced-
flap hinge-moment coefficients, with curves showing the
effect of the vertical chamber restriction either neg-
lected or considered, is prasented in figure L1 to
illustrate the type of balanced-flap hinge-moment coef=~
ficlent that would be obtained if a very wide seal were
used in e configuration of an Internally balanced alleron,
Por these computations, an overhang chord of 0.52c4, 5 seal

width of 0.6, oy, = 21% and a sealed-gap width of 0.1

(values of mgy obtained from figure 22(c¢)) were assumed
installed on the plain sealed aileron of figure 33 and the
other data, supplied in figures 395 and L0, were assumed to
remain the same. (See fig. LL1.) The method of computa-
tion was the same &s that previously outlined. Neglecting
the effect of the vertical balance-chamber restriction

(that is, with no limiting value for 6b) results in
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considerable error at large deflections, when the seal

sontacts the balance-chamber ceiling, (See fig., Ll.) The :
optimum seal width would be such that the se“l would

barely touch the chamber celling at the maximum overhang

deflection (see section entitled "Effect of vertical

restriction”) and, for this silercn configuration, fiz-

ure 22 indicates that a seal w1dth of about 0.5 would be

optimum. Up to deflections of ilb the curve for
alleron-hinoe-momant coefficients covouued for s =0.%

and 007 = 219 is aspproximately the same as that shown in

figure L1 for s = 0.6 and no limlting value for Ops
for deflections beyond +18°, this curvp is almost parallel
to the curve shown in figure L1 for s = 0.6 and 5h = 23°

The error involved in the use of the approximate
method is also illustrated in figure L1; the approximate
method indicates that the seal contributes more balancing
moment than that actually vproduced ovsr almost the entire
desflection range '

CONCLUGSIONS

As an experimental vsrification and sn extoension of
a rrevious analytical investigetion, tests were mude to .
determine the hinge moments produced in an internal-
belance arrengement by fabric ssals of various widths
that seal flas~nose gans of various widths in the
presence of & thin-plate overhang., The tests were con-
ducted with horizontal, vertical, and circular types of
balance-charber wall forward of the balance and with
various heights of the balance chamber. The investiga-
tion indicated the follewing ccnelusions:

1. The moment of the seal may be a halancing or aun
unbalancing mowment and mey te an appreciable part of
the total valancing moment of an internslly balanced flap,
depending on the overhang deflection and the configura-
tion of the internal balance.

2. Variation of the width of the seal, the sesaled :
gap, or the location of the seal attachwent to the wing
structure affected the seal moments through most of the
overhang deflection rangs.
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5. The shape and size of the balance chamber affected
the seal-moment characteristlcs in the deflection range
at which the seals contacted and were consirsined by
the chamber walls; the values of the seal moments were
usually reduced when the scals wsere constrained.

. An optimum balance configuration employs a gsal
width such that the seal barely touches the chawmber
ceiling when maximum overhang deflection 1ls attained,

Langley Memorilal Aeronauticsal Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va,.
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TABLE I.~ BALANCE CONFIGURATIONS TESTED

NATTIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Location Width of Width of s
agig;;;int sealed gap . seal by Figure
(fraction of op) {(fraction of ep) [(fraction of -c_b) (deg)
Vertical backplate .
—
0 . 0. None, 1 U (a)
) ’Z None, 1%, 21, 26 %Légb;
.1 . None, 1 a
A % None, 12, 21, 26 %Zéb;
; 2 . None, 1 a
Center J .2 Z None, 16, 21 16(b)
of 2 2 None, 12. 21, 26, 30 iggc;
backplate . . None t 8
P E .8 Nene, %2, 21, 26 1 ((b;
. . None a
N 3 None, 16, 22, 26, 30| 18(b)
.5 .7 None, 16 19({a)
L - 5 .9 Nons, 16, 21, 26 15(Dbj
0.3l above and .
3 .8 20 20
elor comter ([ 3 5 |Res 2
. Circulsar backplate
0.1 o.l None, 16 22{a)
.1 2 None, 16, 21 22(1v)
.1 . None, 16, 21, 25 22(c)
Center 3 .6 None, 16, 20 23(a)
of .3 a None, 16, 21, 26 23(b)
backplate .3 . None, 16, 21, 25 23(c)
5 .g None, 16 2l (=)
- .5 . None, 16, 21 2L(p)
L .5 .9 None, 16, 21, 25 2h(e)
0.3 above and 8 20 2
below center 3 *
of backplate { 5 -9 20, 25 2
Horizontal backplate
e 0 O.IZ None 27(a)
0 . None, 16 27(b)
0 .8 None, 15, 20, 25 27(¢)
.1 Wb Nons 28(a)
.1 .5 None, 16 28(b)
.1 o7 None, 15, 20, 25 28(¢)
.1 .9 None, 25, 30 28(a)
.2 .5 None, 1 29(a)
Center 2 o7 None, 15, 20, 25 29(b)
of ﬁ .2 <9 None, 26, %1 29(e)
backplate .3 . None, 16 30(=)
3 o7 None, 55, 22 gggbg
. . None ¢
.ﬁ .6 None: 12’ 5 31(a)
A .7 None, 12, 20 31(b)
i .9 None, 15, 21, 25 21{c)
«5 o7 None, 12 32(a)
\ .5 .9 None, 15, 20, 26 32(b)
0.3l above and 1 7 20 3
below center * ’
of backplate { 5 -9 20,26 5

16



NACA ARR No. L5F30a ' Fig., la,b

@) Plan form of a semispan wing,

Cover plate

Flexible seal
Overhang

(b) Section A-A,

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

Figure | .= Schematic diagram of a Typical infernal-balance

arrangement for an aileron on a fapered wing.
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@ Schematie  diagram of tesfing apparalus and the three types of bachplates used.
Figure & .-Test setup.
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NACA ARR No. L5F30a Fig. 2b

Hinge - momenit
equipment

-

bt *

Mrcromanomeiler

Blower-

Figure "‘2(b).= Three-quarter rear view of testing apparatus.

L



10°.

]

(c) 8,

Figure 3.- Seal test apparatus with vertical backplate.

(v) &, = o°

(d) &, = 18°.

] =004; 8=0.1.
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(b) 3, = 0°.

’ (¢) 8, = 10°. . (a) 8y, = 26°.

Figure 4.- Seal .test apparatus with vertical backplate. s = 0.9;
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Flgure S.- Seal test apparatus with
vertical backplate. 8 = 0.4;
g = 0.1; &, = 15%; 8y, = 15°

mps FIUR

Flgure 7.- Seal test apparatus with
vertical backplate. Seal attached
0.340b above center. s = 0.9;

& = 0.5 8, = 10% By, = 25%

Figure 8.~ Seal test apparatus with
vertical backplate. Seal attached
0.34cy below center. s = 0.9;

g = 0.5 &, = 10% By, = 25°.

Flgure 8.- Seal test apparatus with
clrcular backplate. 8 = 0.8
g8 = 0.3 38 = 20°;"‘8bL = 20°%.
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(a) 8y, = 18°.

(c) Sb = 100.

Flgure 9.~ Seal test apparatus with clrcular backplate. 8 = 0.4; g = 0O.1.
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(d) Enlarged photograph of seal with
circle superimposed to 1ndi-
cate circular shape of sesal
in presence of horizontal
vackplate. &, = 0°.

(c) 8, = 18°.

Flgure 10.- Seal test apparatus with horizontal backplate. 8 = 0.4; & = O.1.
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(2) 8, = 10°. | (b) 8, = 20°.

Filgure 11.-~ Seal test apparatus with horizontal backplate. 8 = 0.9} g = 0.5;
8bl = 2001

Figure 12.- Seal test apparatus with Figure 13.- Seal test apparatus with
horizontal backplate. Seal at- : horizontal backDlate. Seal at-
tached 0.34¢Cy, above center. tached 0.34cy below center.

s = 0.9 &=0.60 8, = 10% s =0.9; &= 0.85 B8 =10%

5y, = 26°. 8y, = 25°.
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L5F30a

NACA ARR No.

ohe

=0

(a) 8

i)

11T

= 0,6,

(b) s
Hinge-moment characteristics of seals with vertical beack

plate..

g =0,

Figure 14,



Figure 15, Hinge-moment

NACA ARR No. L5F3Qs

(b) 8 = 0.6,

COMMITTEE FOR AERONAUTICS

characterlstics of seals with vertloel backplate.
g = U1,



l6a~c

Fig.

L5F30a

NACA ARR No.

5e

(a) 8 = O,

6.

b) 8 = O

(e¢) 8 = 0,8,

0.2,

Figure 16,- Hinge-moment characteristics of geals with vertical backplate,
8=



Fig. 17a,D NACA ARR No. L5F30s

(a) = 0.6.

COMMITTEE FOR AERONAUTICS
i3

i

‘b)Y B = 0,8,
Figure 17.-~ Hinge-moment characteristice of seale with vertical backplate,

g = Usse



18a, b

Fig,

L5F30a

NACA ARR No.

Figure 18.- Hinge-moment characterist.

kplate,

4

185 of seals with vertical bac

8 =



Fig. 19a,b NACA ARR No. L5F30Qa

() 8 = 0,T.

#  NATIONAL ADVISORY ikl
(b} 8 = 0.9, COMMITYEE FOR AERONAUTICS

Figure 19,~ Hinge-moment characteristice of seale with vertical backplate,

LN -



NACA ARR No. L5F30a ' ' ' Figs. 20,21

- Figure 20,~ Hinge-moment characteristics of seals attached 0.34cp off center to
vertical baokplate. 8 = 0u8; £ = 0.5; Gbl = 20°,

NATIONAL ADVISORY
OMMITTEE FOR AERONAUTICS

. Figure 21,- Hinge-moment characteristlcs of seals attached 0,340 off ocenter to
« vertioal backplate, 8 = 0,9; g = 0,5,



22 a-c NACA ARR No. L5F3Ca

i
(O) 8 = 0,6,

Figure 22,~ Hinge-moment characteristics of seals with_ciroular backplate,

&= UL,



23a~c

Fig.

- L5F30a

No.

NACA ARR

,_E

i
it

i

!

|

i

i

= 0.8,

(o) 8

f‘isure 23, Hinge-moment characteristics of seals with cirocular backplate,

0. 5.
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24a-c NACA ARR No,

(c) 8 = 0.9

Figure 24,- Hinge-moment charaocteristice of seals withk circular backplate,

L5F30a



25,26

Figs.,

L5F30a

NACA ARR No.

34y off conter to

Hinge-moment characteristices of seals attached O,

Pigure 25,~

g = 0,3.

8 = 0,8;

ciroular backplate,

22T

HIEZY

34cp off center to

8= LN

als attached O,
O,

.9

8 = O,

cteristics of se

chara
eircular backplate,

Figure 26,- Hinge-moment



NACA ARR No.

27« Hinge-moment charae‘ber:.st%es of seals with horizontal backplate,

g =0

L5F30a



28a, b

Fig.

L5F30a

NACA ARR No.

Oe 4,

{a) 8

COMMITTEE FOR AERONAUTICS

= 0.5,

(b) 8
Figure 28,~ Hinge-moment characteristics of seals with horizontal back)

plate,

g= 0,1,



Fig. 28¢,d | NACA ARR No., L5F304

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(a) 8 = 0.9,
Figure 28,- Concluded,



NACA

ARR:No. L5F30a Fig.
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Fisuré 29,~ Hinge-moment characterlsticszar seals with horizontal bsokplate,
g = 0.2,
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{e) @ = 0,9,

Figure 30,~ Hinge-momant eharugtergeucssor senle with horizontel bpackplate,
& =



NACA ARR No. L5F30a ' Fig.

{c) 8 = 0.9, COMMITTEE FOR AERONAUTICS

Figure 3l,- Hinge-moment charac'z.eristiog zr seals with horizontal backplate,
g = 0.4,

3la-c



32a,b

Pigure 32,~ Hinge~moment

NACA ARR No.

NATIONAL ADVISORY
(b) 6= 0.9 COMMITTEE FOR AERONAUTICS

characteristice ., seals with horlzontal backplate,

€ = U5

L5F30a



NACA ARR No. L5F30a : Figs. 33,34

R
el

Flgure 33,- Hinge-momwent characteristics of seals attached O,34cp off center to
bhorizontal backplate, 8 = 0,7; g = 0,1; 5bt = 20°,
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Figure 34,- Hinge-moment characteristics of seals attached O0,34cp off center to
horizontal backplate. s = 0,9; g = 0,5,



Fige. 35,36 NACA ARR No. L5F30s

Figure 35.— Effect of seal widtk on hinge-moment characteristica of geals.
Vertioal backplate; g = 0,2; no ilmlting value for &pe

COMMITTEE FOR AERONAUTICS

Figure 36.- Effect of sealed-gap width on hinge-moment characteristics of seals, -
Vertical backplate; s = 0.6; no limiting value for &y



NACA ARR No, L5F30a

'

NATIONAL ADVISORY

(&) g= 0,1; 8= 0.4,

Flgure 37,- Comparison of hing t characteristics for seals
with vertical, horizontal, and circular bickplates.
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Fig. 37b NACA ARR No. L5F30a
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(b) g = 0.5; &= 0.6, COMMITTEE FOR AERONAUTICS

Figure 37.- Continued,



NAGA ARR No., L5F30a - Fig. 37c
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(e) g = 0.5; 8=0,9,
Pigure 37,- Concluded,



Fig, 38 NACA ARR No. L5F30a

Figure 38,- Seal-moment ratic computed by approximate method {measuring
balance chord to center of gap) for various sizes of sealed-gap width,



NACA ARR No. L5F30a ' | ~Fig. 39a,b
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Figure 39,- True-contour aileron sections for
which illustrative data are presented,



Fig. 40 NACA ARR No. L5F30a

20 | ——a—— Plain sealed aileron (re 5\ )
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0
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Figure 40,- Comparison of section hinge-moment characteristics
measured on sealed internzlly balanced aileron with charsce
terlstics computed from plain sealed alleron, True-contour
atlerons of 0,20c on an airfoll, a = 0%; M = 0,36,



NACA ARR No. L5F30a Fig., 41

—0l0c vent gap

Hinge axis
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Aileron section hinge-moment coefficient, Cha
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Figure 41,- Compariscn of section hinge-moment characterlistics
of sealed internally balanced aileron computed from seal-
moment data and by approximate method, True-contour alleron
of 0,20¢ on an airfoil, & = 0° M = 0,36. (Pressure data
and plain-alleron hinge-moment data from fig, 40,)



